Crystal violet (hexamethyl-para-rosaniline chloride) interacts with aqueous KI-I2 during the Gram stain via a simple metathetical anion exchange to produce a chemical precipitate. There is an apparent 1:1 stoichiometry between anion (I) and cation (hexamethyl-para-rosaniline+) during the reaction and, since the small chloride anion is replaced by the bulkier iodide, the complex formed becomes insoluble in water. It is this same precipitate which forms in the cellular substance of bacteria (both gram-positive and gram-negative types) and which initiates the Gram reaction. Potassium trichloro(Q2-ethylene)-platinum(II), as an electronopaque marker for electron microscopy, was chemically synthesized, and it produced an anion in aqueous solution which was compatible with crystal violet for the Gram stain. It interacted with crystal violet in a similar manner as iodide to produce an insoluble complex which was chemically and physically analogous to the dye-iodide precipitate. This platinum anion therefore allows the Gram staining mechanism to be followed by electron microscopy.
One of the fundamental principles of diagnostic microbiology is the manner by which bacteria stain during the Gram reaction. Most bacteria respond reliably to the Gram reaction; i.e., some retain the crystal violet-iodide (CV-I) complex (gram-positive), whereas others are decolorized by the ethanol treatment and can be counterstained (gram-negative). This reaction divides the eubacteria into two fundamental groups according to their stainability and is one of the basic foundations on which bacterial identification is built. Yet, after almost 100 years as a diagnostic method, the exact chemical mechanism of the Gram reaction and its effect on cellular structure is imperfectly understood (4) . It is the purpose of this paper to outline the chemical nature of the reaction and to design an electron-opaque chemical probe to study the reaction by electron microscopy at the subcellular level. The following paper (Beveridge and Davies [5] ) applies this information and technique to Bacillus subtilis and Escherichia coli to identify the structural and biochemical alterations to these bacteria during the Gram stain.
MATERIALS AND METHODS
The CV-I precipitate. Crystal violet (CV) (0.6199 g, 1.5 mmol) was dissolved in distilled water (50 ml) by using a sonic bath to aid dissolution. Dropwise addition of the iodine-potassium iodide developing solution (1.0 g of iodine + 2.0 g of KI in 300 ml of distilled water) caused immediate formation of a golden-colored precipitate. Addition was continued until precipitation was complete. The precipitate was separated from the fluid by filtration, allowed to air dry, and then held under vacuum at room temperature for 3 h. This procedure gave a yield of 0.2413 g of precipitate. All chemicals were from Fisher Scientific Co.
Chemical synthesis of the potassium TPt electronopaque probe. Potassium trichloro('q2-ethylene)platinum(II) (potassium TPt) was prepared from K2(PtCl4) and ethylene, with an anhydrous SnCl2 catalyst as described by Chock et al. (6) . The CV-TPt precipitate. CV (0.6199 g, 1.5 mmol) in distilled water (50 ml) was prepared as above, and a solution of K[PtCl3(C2H4)] (0.5529 g, 1.5 mmol) in distilled water (25 ml) was added dropwise with continued stirring. A green precipitate formed immediately. After 15 min of stirring, the solution was filtered and dried as above. This gave a yield of 0.7413 g of precipitate.
Chemical and physical examinations. CV (alone), CV-I, and CV-TPt were each examined by conductivity measurements, IR, UV, and visible spectroscopy, and proton nuclear magnetic resonance analyses ('H-NMR twofold over more conventional Epon 812 embeddings. Although iodine has the ability to scatter electrons (Z1 = 53), it is highly volatile under the electron beam. Platinum (ZP, = 78), and hence TPt, is much more stable and has proven to be an easily monitored probe.
Electron microscopy was performed on a Philips EM400T equipped with a scanning transmission electron microscope (STEM) module, a cryotransfer unit, a low-electron-dose module, and an EDAX 9100/40 energy dispersive system. Point EDS analyses were performed at 20 kV by using a spot size of 20.0 nm; counting times were typically 300 s (live time). Elemental distribution maps were generated by interfacing the EDS system with the STEM module, and the cells were scanned with a 10.0-nm beam. In an effort to preserve the iodine signal in the CV-l material, specimen temperatures of -100 to -196°C were used. Atomic absorption spectroscopy. Material containing the platinum probe was hydrolyzed in fuming HN03 containing 250 pug of CsCl per ml to counteract ionization effects and analyzed with a Perkin-Elmer model 2380 atomic absorption spectrophotometer working in the C2H4-N20 flame mode.
RESULTS AND DISCUSSION
Mechanism of the Gram stain. Since the early 1900's, there have been a number of attempts to elucidate the mechanism of the Gram staining response. There are, of course, two separate camps (1): those who suspect a specific cellular substance to be responsible (Table 2 is representative), and those who feel that a permeability difference exists between cell types. Today, most believe that it is a fundamental difference between the molecular architectures of the envelopes of gram-positive and -negative cells which determines the staining response (4). Certainly gram-positive bacteria relinquish their capacity to retain the CV-I complex when their envelope is perturbed by mechanical crushing (2) or by lysozyme digestion (23, 26) . These same cells stain gram-negative after protoplast formation (11) . Salton has clearly demonstrated that more (CH)ro C-C. cellular 32p was released from gram-negative than from gram-positive cells during the decolorization (ethanol) step (22 (Fig. 3) , unless the cell wall is perturbed (Fig. 4 shows lysozyme digestion), and E. coli stains gram negative (Fig. 5) . This information suggests that the Gram stain depends on the simple chemical mechanism of metathetical anion exchange. CV is a watersoluble molecule which dissociates into CV+ and Cl-on dissolution; the carbocation is shaped like a three-bladed propeller. Each of the three N-methylated, aromatic rings in its structure forms a blade of the propeller, is ca. 0.94 nm long and 0.65 nm thick, and joins at a central carbon (Fig. 2b) . This cation (and presumbly the 0.362-nm diameter Cl-) is able to penetrate through the enveloping layers of both grampositive and -negative bacteria to the cytoplasmic substance. (Holes ca. 1.88 nm in diameter must exist.) When Gram's iodine is added, 1-or I3 (diameter, 0.432 or 0.607 nm) encounters and interacts with CV+ to form a CV-I precipitate. This happens, presumably, both within (21, 25) and without the cell. The addition of ethanol (as a decolorizing fluid) washes away the precipitate from around and outside the cell. CV-I is too large to escape from the cytoplasmic substance unless the enveloping layers of the bacterium are perturbed ( Fig. 3 and 4 ; and see accompanying paper [5] for further details). It seems unlikely that the CV+ interaction with constituent cellular anions contributes to the Gram stain since the addition of iodide (or TPt) is necessary to give an unequivocal staining response (23) .
Use of TPt as an electron-opaque marker for electron microscopy to study the Gram stain. To study the cellular response accurately during the Gram stain, we felt it necessary to design and use a probe suitable for electron microscopy which would identify the dye substance. In this way, the dye could be followed through cellular space, and its eventual location could be determined. In addition, electron microscopy would allow the elucidation of cellular damage during the staining regimen.
Initially, we believed that it was feasible to incorporate a heavy metal directly into the CV molecule since the available information suggested that reactive chemical sites existed within its structure (13) . Our own data suggest the structural form seen in Fig. 2a and all our attempts to label this molecule failed. Next, we felt that it may be possible to follow the iodide during the staining reaction since its mass (Zi = 53) is suitable for electron microscopy. In our hands, this anion proved too volatile, even at very low specimen temperatures (down to -196°C), to be preserved under the electron beam (Fig. 6a, b , and c).
Our expertise with organic platinum compounds led us to identify TPt as a possible candidate to probe the Gram reaction; it was chemically synthesized and used to replace iodide during the staining reaction. All our data ( Table 2 , Fig. 3 (Fig. 7b and 8a) which produced distinct Pt lines during EDS analysis ( Fig. 7d and 8d ). In fact, there was enough TPt in these cells to produce dot maps of its distribution throughout the cell substance of individual bacteria (Fig. 7e and 8e) . CV (alone) did not add electron-scattering power to the cells (Fig. 7a) . Atomic adsorption analyses revealed that the TPt content of the cells was typically 2.0 to 2.5 nmol mg (dry weight)-1. Ethanol treatment severely reduced this TPt concentration in E. coli (Fig. 8b) , but most of the TPt was retained in cells of B. subtilis (Fig. 7b) . This electron-dense marker, therefore, seemed suitable for studying the 
